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Summary

Stent-assisted coiling of paraclinoid aneu-
rysms is widely performed in neurointervention-
al surgery. The most common adverse event re-
lated to this procedure is cerebral thromboem-
bolism. However, reports on ocular thromboem-
bolism are scarce.

We report our experience with two patients
who developed ocular thromboembolism fol-
lowing Enterprise stent-assisted coiling of para-
clinoid aneurysms. We then review the available
literature for the possible pathomechanism of
ocular thrombosis.

Ocular thromboembolism may be a risk of
stent-assisted coiling when the stent traverses the
orifice of the ophthalmic artery or the stent is
placed in the C3 internal carotid artery. Further
study is needed to clarify how to avoid this disa-
bling complication.

Introduction

Thromboembolic complications are the most
common adverse event in stent-assisted coiling
of intracranial aneurysms !. Published clinical
studies describe the immediate incidence of cer-
ebral thromboembolism to be between 2.8%
and 5.4% <. However, reports on ocular throm-
boembolism are scarce. Here, we describe two
cases of ocular thromboembolism occurring af-
ter stent-assisted coiling of paraclinoid aneu-
rysms not related to the ophthalmic artery.

Case Reports

Case 1

A 29-year-old woman was discovered to have
an incidental left paraclinoid aneurysm on
magnetic resonance imaging (MRI) and mag-
netic resonance angiogram (MRA) study dur-
ing a workup for dizziness.

Subsequent cerebral angiography confirmed
a left paraclinoid aneurysm measuring 4.8 x 5.0
mm with a 5.4 mm neck, accompanied by a 1.5
mm bleb (Figure 1A). The ophthalmic artery
was independent of the aneurysm, and arose
proximal to the aneurysm (Figure 1B). After
discussing the benefits and risks with the pa-
tient, she consented to undergo stent-assisted
coiling of the aneurysm.

The patient was started on aspirin 100 mg
and clopidogrel 75 mg daily two weeks prior to
the procedure. Drug-resistant testing was not
available at our institution. Under general an-
esthesia, a bolus of 5000 units of heparin was
administered intravenously, increasing the acti-
vated clotting time (ACT) from 130 seconds to
338 seconds. The ACT was maintained over 300
seconds throughout the procedure. Following
catheterization of the aneurysm with an Excel-
sior SL-10 preshaped S microcatheter (Boston
Scientific, Natick, MA, USA), a 4.5 x 28 mm
Enterprise stent (Codman Neurovascular,
Raynham, MA, USA) was deployed in the C1-
4 portion of the internal carotid artery (ICA).
The aneurysm was then coiled using the “jailed”
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Figure 1 A) Left internal carotid artery angiogram in oblique view shows a wide-necked paraclinoid aneurysm with a bleb
pointing anteriorly (arrow). B) An image of the left internal carotid artery reconstructed from the 3D rotational angiogram
and demonstrating that the origin of the ophthalmic artery is separate from the aneurysm.

microcatheter technique with HydroFrame 10
S mm x 10 cm (Microvention Terumo, Tokyo,
Japan) and Target 360 Ultra 3 mm x 8 cm
(Stryker Neurovascular, Fremont, CA, USA)
coils. Before achieving complete occlusion of
the aneurysm, the catheter prematurely pro-
lapsed from the aneurysm due to microcatheter

Figure 2 Post-procedure image of the left internal carotid
artery reconstructed from flat-panel CT with contrast injec-
tion shows incomplete stent apposition to the vessel wall at
the inner curve (arrows). Note the damage to the proximal
end of the stent and the resulting malapposition to the ves-
sel wall (arrowheads) caused by excessive force applied to
the stent by microcatheter and guidewire.

instability. Extensive attempts to re-catheterize
the aneurysm were unsuccessful and the proce-
dure was aborted. The post-procedure image
obtained by flat-panel computed tomography
(CT) with contrast agent injection revealed in-
complete stent apposition at the proximal end
and at the inner curve (Figure 2).
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Figure 3 Funduscopy of the left eye on the 12t postopera-
tive day demonstrates soft exudates (arrows) accompanied
by a small hemorrhage (arrowheads), findings compatible
with a small ocular thromboembolism.

Figure 5 Post-procedure image of the right internal carotid
artery reconstructed from flat-panel CT with contrast injec-
tion. Note the incomplete apposition of the stent to the ves-
sel wall at the inner curve.

The patient was maintained on heparin at 500
IU/h for 24 hours postoperatively. She was dis-
charged without neurological deficits on the
fifth postoperative day. However, soon after dis-
charge, she recognized a visual impairment in
the left eye. Ophthalmological examination on
the twelfth postoperative day revealed a small

Figure 4 Right internal carotid artery angiogram in lateral
view demonstrates a small, wide-necked paraclinoid aneu-
rysm pointing anteriorly (black arrow). The origin of the
ophthalmic artery is demonstrated by the double density
where it originates (white arrow). The origin of the ophthal-
mic artery is unrelated to the aneurysm.

Figure 6 Right funduscopic picture obtained on the 11t
postoperative day demonstrates a soft exudate (arrow) with
a local hemorrhage (arrowhead), suggestive of a small
thromboembolism.

visual deficit in left lateral vision. Funduscopy
performed on the same day demonstrated soft
exudates accompanied by a small hemorrhage
that was compatible with the diagnosis of ocular
thromboembolism (Figure 3). MRI and MRA
of the brain performed at the same time did not
show cerebral ischemia or ICA occlusion.
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Case 2

This 42-year-old woman presented to our in-
stitution because of a right paraclinoid aneu-
rysm that was discovered during a workup for
headaches. Cerebral angiogram revealed an an-
teriorly pointing right paraclinoid aneurysm
measuring 1.7 x 3.2 mm with a 3.2 mm neck. The
origin of the right ophthalmic artery was unre-
lated to the aneurysm, and was located proximal
to the aneurysm (Figure 4). After discussing the
benefits and risks of the stent-assisted coiling,
she elected to undergo the procedure because of
extreme anxiety over harboring the aneurysm.

The patient was started on aspirin 100 mg
and clopidogrel 75 mg daily two weeks prior to
surgery. Platelet function testing was not per-
formed due to unavailability of the examina-
tion at our institution. Under general anesthe-
sia, the patient was systemically heparinized
with 5000 units of intravenous heparin. The
ACT increased from 106 seconds to 267 sec-
onds, and was maintained over 250 seconds
throughout the procedure. The aneurysm was
catheterized with an Excelsior SL-10 micro-
catheter and an intentional partial insertion of
a Target 360 Nano 1.5 mm x 3 cm coil (Stryker
Neurovascular) was performed. This was fol-
lowed by placement of a 4.5 x 28 mm Enter-
prise stent across the aneurysm. The first coil
was then detached, and additional 360 Nano 1.5
mm x 3 cm, and 2 x 360 Nano 1 mm x 3 cm
coils were inserted using the “jailed” micro-
catheter technique. Postoperative flat-panel CT
with contrast injection showed incomplete
stent apposition at the inner curve (Figure 5).

The patient noticed blurred vision in the
right eye that fluctuated in intensity on the
third postoperative day. Ophthalmological ex-
amination of the right eye revealed concentric
contraction of the visual field. Funduscopy per-
formed on the eleventh postoperative day
demonstrated a soft exudate with a small hem-
orrhage, compatible with the findings of ocular
thromboembolism (Figure 6).

Discussion

We described two cases with ocular ischemic
complication associated with stent-assisted
coiling of paraclinoid aneurysms. Cerebral
thromboembolism is widely recognized as a po-
tential adverse event after stent-assisted coil-
ing. To date, thromboembolic complications

have been reported to occur in the range of
2.8% to 5.4% following the procedure. How-
ever, to our knowledge, no detailed report de-
scribing ocular thromboembolism associated
with stent-assisted coiling exists. The only de-
scription in the literature was found in the
study by Mocco et al.4. Their multicenter regis-
ter study using the Enterprise stent in 141 pa-
tients with 142 aneurysms, briefly described a
patient developing a temporary “blind spot”.
Unfortunately, no information on the location
of the aneurysm or the procedure was given.
Another report of treating 126 paraclinoid an-
eurysms, not specifically limited to stent-assist-
ed coiling, one ocular thromboembolism and
two amaurosis fugax were seen after the proce-
dure 5. The thromboembolism was related to
the aneurysm being located at the carotid-oph-
thalmic junction and to the retreatment be-
cause of recurrence. In the two amaurosis fugax
cases, details of the aneurysm location or the
procedure were not provided. In our two cases
of ocular thromboembolism, the aneurysms
were independently located distal to the origin
of the ophthalmic artery. Therefore, it is unlike-
ly that local extension of the thrombus from
the aneurysm caused the ocular complication.

The reason for ocular thromboembolism in
stent-assisted coiling may be explained by two
mechanisms: occlusion of the ophthalmic artery
orifice by stent coverage, or stent thrombosis
due to inadequate device apposition against the
arterial wall. Occlusion of large side branches
by stent placement has not been reported to the
best of our knowledge. Furthermore, immediate
or delayed occlusion of the ophthalmic artery
or important side branches is rarely reported
even when using a high surface coverage flow
diverter stent in the paraclinoid carotid artery
67, Although this mechanism seems unlikely, we
could not deny the possibility of branch occlu-
sion because of lack of angiographic study at
the occurrence of the symptom.

On the other hand, stent thrombosis may be
the more likely mechanism. Heller et al. ana-
lyzed the correlation of stent apposition to the
vessel wall and the occurrence of thromboem-
bolic complications using 3 Tesla magnetic res-
onance diffusion-weighted imaging and time-
of-flight angiography 8. They found that incom-
plete stent apposition to the vessel wall was
associated with increased ipsilateral hyperin-
tense lesions on diffusion-weighted imaging.
Thus, they concluded that incomplete stent ap-
position was associated with thromboembolic
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complications in stent-mediated coil emboliza-
tion of intracranial aneurysms. In our two cases,
postprocedural flat-panel CT imaging showed
incomplete stent apposition at the inner curve
in both cases, and in case 1, at the proximal end
due to stent damage. These may have served as
the source of the stent thrombosis. In addition,
fundus examination in our patients showed soft
exudates. Soft exudate is a retinal degeneration
caused by acute, local, and superficial ischemia.
Because the retinal artery is an end artery, ma-
jor occlusion of this vessel or the branch would
have caused a larger lesion in the retina. The
funduscopic findings also support the hypothe-
sis that the pathomechanism of the ocular is-
chemia was a small thromboembolism rather
than a large vessel occlusion.

Stent design has an important impact at the
paraclinoid ICA location because the stent is
placed against the tortuous C3 portion. Open-
cell design stent such as the Neuroform (Stryker
Neurovascular, Fremont, CA, USA) has the ad-
vantage of better vessel wall conformability in
tortuous vessel anatomy due to its flexible
mechanism compared to the closed-cell design
Enterprise #''. On the other hand, a disadvan-
tage of the open-cell stent is the difficulty in
navigating the system through tortuous vessels
012, By contrast, the closed-cell design stent is
highly flexible and is advantageous in tortuous
vessels. Other favorable features include the
ability to reposition and the denser metal sur-
face that confers better protection against coil
herniation. Disadvantages of the closed-cell
stent are stent migration, less vessel wall con-
formability, and the presumed thromboembolic
complications 810111314 The previously men-
tioned study by Heller et al. demonstrated that
the Enterprise showed significantly more in-
complete wall apposition compared to the
Neuroform stent 8. While none (0 case out of
25) of the Neuroform stents showed incom-
plete stent apposition, 54.5% (18 cases out of
33) of the Enterprise stents resulted in incom-
plete stent apposition. Of note, 17 cases of in-
complete Enterprise stent apposition were de-
tected in the ICA, the same location as in our
cases. The incomplete stent apposition that may
have served as the cradle of thromboembolus
formation in our cases may have been avoided
had we used an open-cell design Neuroform
stent. We may further suggest using an open-
cell design stent in the C3 ICA location to
avoid incomplete stent apposition, thereby low-
ering thromboembolic complications. However,

at present, we do not have clear answer to this
question and await further investigation.

The retina may have some reasons for more
vulnerability to ischemic insult than the brain,
and subtle ischemia may lead to visual distur-
bance. For instance, the retina may have fewer
collaterals compared to the cerebral circula-
tion. There also may be differences in cellular
tolerance to ischemia or in the threshold for
symptom awareness 5. Therefore, judicious us-
age and selection of stents may be necessary in
the paraclinoid carotid artery.

There are several limitations to this report.
First, there is no information on antiplatelet
treatment. Although our patients were started
on a double antiplatelet regimen two weeks be-
fore the procedure, neither patient was tested
for antiplatelet efficacy. Inadequate antiplatelet
inhibition may have played a role in the throm-
bosis. Second, in case 1, stent damage at the
proximal end caused markedly incomplete ap-
position and this may have promoted thrombus
formation. However, whatever the mechanism
of the incomplete apposition may be, ocular
thrombosis was caused by placing a stent in
proximity to the origin of the ophthalmic ar-
tery. Third, since we used a closed-cell Enter-
prise stent, we do not have any answer to
whether an open-cell design stent could de-
crease the incidence of such complications. Fur-
ther studies are required to answer this ques-
tion. Finally, the small number of cases pre-
cludes any definitive conclusions drawn from
our report. Further accumulation of experience
is needed to clarify the cause and incidence of
this complication. However, although rare, we
would like to emphasize that ocular thrombosis
may occur as a consequence of stent-assisted
coiling, and that this complication should at-
tract wider recognition.

Conclusion

We described two cases of ocular thrombosis
occurring after stent-assisted coiling of paracli-
noid aneurysms. This complication has not been
described as a potential risk of stent-assisted
coiling, and may require more attention. For
paraclinoid aneurysms, the addition of fundus-
copy as a follow-up examination may be useful
to increase the sensitivity for thromboembolic
complications. Although we do not have solid
evidence, the thrombosis may have been caused
by stent thrombosis.
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